The results in our report (Schmidt et al., 1989a) do indeed differ from those of some other laboratories . We also examined the model that assumes that loss of deoxyglucose-6-phosphate (D G-6-P) is a first-order process and found the rate constant for loss of metabolized tracer, k!, in gray matter to be 0.I-O.7%/min, an average of Y20 the value of the phosphorylation rate constant, kj. In some other recent reports, k! has been found to be � 1 %/min. The main difference between our study and these others is that we measured tissue radio activity, Ci, by quantitative autoradiography with 100-to 200-j.Lm resolution, which enabled us to ex amine relatively homogeneous areas in rat brain. In contrast, Redies et al. (1987a) employed external coincidence counting to measure Ci in whole brain, and Pelligrino et al. (1987) , Diksic (1989), and Graham et al. (1989) measured radioac tivity in dissected gross tissue samples. In each of these studies, the tissue was unavoidably heteroge neous. We have recently reported that tissue heter ogeneity alone can account for a k! � 1 %/min, or more than Yto the value of kj, in the first 45 min following a pulse of DG (Schmidt et al., 1989b). Beyond 45 min, loss of DG-6-P does become signif icant (Sokoloff, 1982). The combination of the ef fects of heterogeneity early in the experimental pe riod and significant loss of DG-6-P at later times may exaggerate the estimate of k!. With respect to other studies cited by Dr. Redies, the conclusions of Hawkins and Miller (1978) have been shown to be invalid (Nelson et al., 1988; Sokoloff, 1982); the results of Hawkins et al. (1988) could not be con firmed (Nelson et al., 1987); and Deuel et al. (1985) made measurements with loading doses of DG that have no bearing on tracer kinetic studies.
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A second difference between our study and the others is the mode of tracer administration. We used an infusion that produced a constant arterial plasma DG level for 120 min; in the other studies DG was given as a pulse. The resultant C'!'s have
different sensitivities to the rate constants being es timated. The response of the tissue compartment, however, and not the length of the exposure time of the plasma to the tracer, should be used to compare different modes of tracer administration. The tissue response can be described as the normalized change that occurs in Ci per unit change in the value of the rate constant, i.e" (aCi/akJ)(kPC,!), where aCi/akj is the partial derivative of Ci with respect to the rate constant kj. Regardless of whether the rate constants determined by Redies and Diksic (1989) or those of our study are used, the sensitivity of Ci to changes in k! increases with time; at 120 min with a constant arterial plasma DG concentration it is approximately the same as at 70--75 min following a pulse. For estimating k!, therefore, our study is equivalent in length to a 70-to 75-min pulse study. This is adequate time to detect a first-order product loss that has a rate constant of 1 %/min if it is present (see Fig. 7, Sokoloff, 1982) . The smaller values of k! found in our study cannot be explained by the use of constraints in the fitting procedure because no constraints were used.
The third issue raised by Dr. Redies is our finding that calculated local CMRglc (lCMRglc) declines pro gressively with time with duration of the experi mental period beyond 45 min. Despite allegations to the contrary, direct experimental evidence indi cates no significant product loss during the first 45 min following a pulse of DG (Mori et al., 1990) . lCMRglc calculated by use of the model that as sumes no loss of DG-6-P (3K model) should then be relatively constant and approximately correct up to 45 min. We have calculated ICMRglc in 19 gray mat ter structures with both the 3K and the 4K models in 38 rats killed between 25 and 120 min following a pulse of DG and used the mean gray matter rate constants of Redies and Diksic (1989) and of ours (Schmidt et al., 1989a) . In every structure, calcu lated lCMRglc was relatively constant between 25 and 45 min but was 25-31% higher at 45 min when a 1 %/min loss rate constant was assumed than when no loss was assumed. That is, the 4K model over corrects for product loss, which leads to an overes timation of lCMRglc at early times, i.e., 45 min. Fur thermore, even with k! = 1 %/min, calculated lCMRglc was &-26% lower at 120 min than at 45 min in all but one structure. In 14 of the 19 structures, ICMRglc calculated with the rate constants of Redies and Diksic (1989) for the 4K model with k! = 1 %/min fell between 45 and 90 min and then in creased between 90 and 120 min. From the time dependence of calculated lCMRglc, we conclude that a model assuming a first-order loss of DG-6-P throughout the experimental period is not correct. Dr. Redies cites two studies in which relatively constant lCMRglc was obtained with increasing time beyond 45 min after a pulse (Redies and Diksic, 1989; Redies et aI., 1987b) . Both studies used cir cular arguments to support their conclusion. In their 1989 study, they simulated a tissue concentra tion, ct, between 25 and 180 min following a pulse of DG and then calculated lCMRglc for various mul tiples of ct using the same model and rate con stants. It can be readily shown that relatively con stant lCMRglc will be obtained in this simulation regardless of the model and regardless of the rate constants as long as (a) the same model and rate constants are used to simulate ct as are used to estimate Ct" the free DG in the tissue; and (b) the model and rate constants are such that C� is a small fraction of ct between 25 and 180 min. In quanti tative double-label experiments (Redies et aI., 1987b) , constant lCMRglc was obtained between 45 and 90 min in certain reference regions by assump tion. In this study, the lumped constant for fluoro deoxyglucose (FDG) was not measured but calcu lated so that lCMRglc determined on the basis of eH]DG data at 45 min and on the basis of [ ,s F]FDG data at 90 min with k! = 1 %/min were equal. If the loss of FD G-6-P were overestimated, it would be compensated for by an overestimate of the lumped constant. The value of the lumped constant for FD G calculated by Redies et al. was 0.95 ; in the human, the measured value is 0.52 ± 0.028 (mean ± SEM) (Reivich et aI., 1985) .
In summary, our data are inconsistent with the hypothesis that loss of DG-6-P is a first-order ki netic process. Furthermore, use of such a model with k! = 1 %/min may result in an overestimation of lCMRglc at the 45-min experimental period rec ommended for the DG method and an underestima tion of lCMRglc at longer experimental times. The purpose of our study was to update the model of the DG method to fit more closely the physical model now known about intracellular compartmentation in brain. Glucose-6-phosphatase exists within the cis terns of the endoplasmic reticulum and is separated by a membrane from the cytosol in which the DG-6-P is formed; the brain lacks the carrier to trans port the hexose phosphates across this membrane (Fishman and Karnovsky, 1986) . Therefore, a po tential barrier between the DG-6-P and the enzyme that degrades it exists in brain. If the phosphatase can act only on a fraction of the metabolic pool, the loss is not a first-order process. Our model was de signed to account for a rate-limiting transport of DG-6-P across the endoplasmic reticular mem brane. The model corrects better than the 3K and 4K models for the decline in calculated lCMRglc at long experimental times, but not completely. The 4K model recommended by Dr. Redies is not ade quate; other as yet unidentified factors apparently need to be taken into account.
